Abstract-The Reformatsky reaction of ethyl bromodifluoroacetate to α-oxygenated sulfinylimines is described. Using Honda-Reformatsky conditions, the reaction proceeds with double diastereodifferentiation, with the configuration of the sulfinyl group determining the stereochemical course of the reaction. Excellent diastereoselectivities (>94:6) are obtained for the matched cases. In contrast, reaction with sulfinylimines derived from unsubstituted alkanals proceeded with virtually no diastereoselectivity.
contrast, reaction with sulfinylimines derived from unsubstituted alkanals proceeded with virtually no diastereoselectivity. We were interested in investigating a short synthesis of the motif A (Scheme 1), a versatile intermediate for the synthesis of complex α,α-difluoro-β-amino acids and of 2,2-difluoro-3-amino carbohydrate analogues, via a Reformatsky reaction as shown in Scheme 1. The sulfinylimine auxiliaries were selected, given they are accessible in both enantiomeric forms, and because of the absence of concomitant β-lactam formation upon addition reaction. Addition reactions to substrates B using various organometallic derivatives have been described to occur with various levels of double diastereoselection, in which the chirality of the auxiliary is usually dominant. 20 Furthermore, Ellman has recently described the addition of a benzyl zinc reagent to either diastereomer of the t-butanesulfinyl imine derived from (R)-glyceraldehyde acetonide, which for the matched case proceeded with virtually complete stereoselectivity. 30 Herein we describe a study of the Reformatsky reaction using 1 with α-oxygenated sulfinylimines B, in which the anticipated double diastereoselection was investigated by combining both enantiomeric sulfinylimine auxiliaries with all chiral aldehydes employed.
N S t-Bu
The imines were synthesized from the corresponding aldehydes in good yields mainly using the Ti(OEt) 4 procedure. 31, 32 As expected, 33 no epimerization of the α-stereocentre was observed with chiral aldehydes. Imines 3-6 were synthesized as model compounds to enable comparison with the stereoinduction exerted by the chiral auxiliaries without the additional bias of an α-oxygenated substituent. The Reformatsky reaction was first investigated by a short optimization effort using sulfiminine 8S, which was predicted to proceed with matched double diastereoselection. 30 Promotion by indium 34 4 , DCM Next, the Reformatsky reaction was investigated on a range of sulfinylimines (Table 3) .
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O O Reaction with the aliphatic sulfinylimines 3S and 4S was not diastereoselective under the HondaReformaksky conditions (entries 1,2). We also observed slight variations in diastereoselectivity 
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Si-face attack 17 for similar sulfinylimines derived from linear aliphatic aldehydes. However, Reformatsky reaction of 5S, which has an α-benzyloxy substituent, proceeded with much increased diastereoselectivity (entry 3). Interestingly, the sterically hindered substrate 6S was unreactive under the conditions used (entry 4). Pleasingly, the Reformatsky reaction of substrate 7S (entry 5), derived from (S)-lactaldehyde and the (S)-configured chiral auxiliary, proceeded with enhanced diastereoselectivity compared to the benzyloxymethyl-derived sulfinylimine 5S. In contrast, when the enantiomeric chiral auxiliary was used (7R, entry 6), the diastereoselectivity was much reduced, evidencing a double diastereodifferentiation effect. This was also observed for the other chiral aldehydes derived from glyceraldehyde and threose, for which the matched cases proceeded with excellent diastereoselectivity (entries 7,9,11).
3S-10S
The relative configuration of the major diastereomers obtained from reaction of the aliphatic-derived 3S, and the α-alkoxy-derived 8S and 8R could be determined by X-ray crystallographic analysis (See Supporting Information). In all cases the ul-relative configuration was confirmed. Both products ul-16S
and ul-16R are derived from the same glyceraldehyde enantiomer but with differently configured chiral auxiliaries, and the different configuration of the formed amine stereocentre clearly proved that the diastereoselection was determined by the configuration of the auxiliary, and not by the α-stereocentre.
On that basis, the stereochemistry of the other major and minor isomers was assigned.
The relative stereochemistry determined for ul-11S was most unexpected, given the precedence of both Staas and Soloshonok, who reported the other diastereomer as the major product of the Reformatsky reaction on alkyl-derived sulfinylimines. However, these Reformatsky reactions were performed under different conditions (Zn, THF, reflux or room temperature, versus ZnEt 2 /RhCl(PPh 3 ) 3 , THF, 0 °C in our case), and it should be remembered that the dr in our case was very low. On the other hand, our results correspond to the stereoinduction determined previously by Ellman for reactions of sulfinylimines derived both from aliphatic aldehydes, and from (S)-glyceraldehyde acetonide, with benzyl zinc reagents, including the matched/mismatched stereoinduction. 30 Their benzyl zinc reagent was synthesized from the corresponding benzyl chloride using ZnCl 2 /Mg/LiCl (Knochel conditions 39 ). Several models have been proposed to rationalize the induction by the sulfinylimine auxiliary. 20 The cyclic Ellman transition state TS-4 has been suggested for the Reformatsky reaction (Zn, refluxing 42, 43 . However, given it predicts Re face attack (for an (S)-configured sulfinylimine), it is not consistent with our findings. Equally, TS-5, 44, 45 involving a Zn-enolate, predicts the wrong facial selectivity. However, this model correctly explained the facial selectivity of addition with allyl zinc to an aryl sulfinylimine (in THF). 43 In contrast, the Barrow chelation model TS-6, 46 involving chelation
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OEt R O t-Bu H with both the S=O and the α-alkoxy groups and a rapid sulfinyl imine E/Z isomerization, predicts the correct stereochemical outcome, including the double diastereodifferentiation (though now due to the avoidance of a sterically unfavourable interaction with the sulfinyl group as opposed to involvement of
TS-1/TS-2).
The transition state TS-7 proposed by Marek, also for reaction with allyl zinc derivatives in THF, correctly predicts Si-face attack as well. 47 This model differs from TS-5 in that chelation is only involving the imine nitrogen atom, with the S=O dipole oriented antiperiplanar to the imine lone pair.
Both TS-7 and TS-5 (which predict opposing facial selectivity) have been successfully used to explain the outcome of additions of allyl zinc to sulfinylimines, 43, 47 which shows that the exact conditions, 
30
The much-increased selectivities for substrates 5,7-10 compared to 3,4 suggest a chelation role of the α-oxygen containing substituent, which points to the Barrow transition state TS-6. For the alkyl sulfinylimines 3,4, it is unlikely that the required E/Z isomerisation is occurring/complete, given there is no chelating α-substituent to drive this process.
Conclusions
The Reformatsky reaction involving ethyl bromodifluoroacetate was investigated both with sulfinylimines derived from aldehydes with a chiral α-oxygenated substituent, as well as derived from aliphatic aldehydes. Reformatsky reaction of the former proceeds with double diastereodifferentiation, with the configuration of the chiral auxiliary determining the stereoinduction. The stereochemical outcome is consistent with the Barrow model.
Experimental Section
General procedure for the synthesis of t-butanesulfinylimines (Table 1) . 30 To a mixture of aldehyde (1 equiv General procedure for the Honda-Reformatski reaction (Table 3) .
A mixture of sulfinylimine (1 equiv), RhCl(PPh 3 ) 3 (3 mol%) in THF (7.5 mL/mmol) was cooled to -20 °C. 1 (3 equiv) was added immediately followed by dropwise addition of Et 2 Zn (1.0M in hexane, 2 equiv). The mixture was allowed to warm up to 0 °C over 30 min and stirring was continued for 1 h.
Quenching with sat. NH 4 Cl was followed by extraction with EtOAc. The combined organic layers were dried (MgSO 4 ), filtered and concentrated. Purification by column chromatography gave the products as pale-yellow oils unless mentioned otherwise. 
